This study aimed to assess the diagnostic ramifications of vascular occlusion of the ocular vein and artery as a first thrombotic event associated with factor V Leiden (FVL) and/ or prothrombin gene (PTG) heterozygosity. Methods: Patients with ocular vein (n=191) and artery (n=74) occlusion, free of cardioembolic etiologies, were sequentially referred from vitreoretinal specialists for measurement of thrombophilia-hypofibrinolysis and compared to 110 healthy normal controls. Results: Of the 265 patients, 29 (11%; 17 women, 12 men) of all referred ocular vascular occlusion (OVO) cases were found to be heterozygous for FVL and/or PTG, including 16 with FVL, 12 with PTG, and 1 with both. Of the 29 cases, 16 had central retinal vein occlusion (CRVO), 2 branch retinal vein occlusion (BRVO), 5 nonarteritic anterior ischemic optic neuropathy (NA-AION), 3 retinal artery occlusion (RAO), 2 amaurosis fugax (AF), and 1 had both CRVO and RAO. Of the 16 FVL cases, 15 (94%) had OVO as a first thrombotic event without prior deep venous thrombosis (DVT) or pulmonary embolism (PE); 6 (38%) also had other thrombotic events, including recurrent miscarriage, osteonecrosis, ischemic stroke, and/ or ischemic colitis; and 5 (31%) had immediate family members with previous venous thromboembolism (VTE). Of the 12 PTG cases, 9 (75%) had OVO as a first thrombotic event, 5 (42%) experienced VTE other than DVT or PE, and 6 (50%) had immediate family members with VTE. In one patient with both FVL and PTG, DVT occurred before BRVO. Of the 17 women with FVL and/or PTG mutations, 7 (41%) experienced 1 miscarriage, 6 (35%) were on estrogen therapy, and 1 (6%) was on clomiphene. Conclusion: Of the 265 patients with OVO, 29 (11%) had FVL and/or PTG, and 83% of these 29 cases presented with OVO as their first thrombotic event. By diagnosing thrombophilia as an etiology for OVO, the ophthalmologist opens a window to family screening and preventive therapy.
Introduction
Retinal vein occlusions (RVOs), retinal artery occlusions (RAOs), and ciliary artery occlusions causing optic nerve infarction or anterior ischemic optic neuropathy (AION) are well-recognized vascular ischemic events that affect the posterior segment of the eye. RVO is widely prevalent, [1] [2] [3] [4] with 5.20 cases per 1,000 people (95% confidence interval [CI]: 4.40-5.99) in the USA, Europe, Asia, and Australia as in 2010, suggesting that roughly 16 million people may have this disorder. 4 AION is less common, submit your manuscript | www.dovepress.com
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schockman et al with a median age of 62 and a mean annual incidence rate of 2.3 per 100,000 people for nonarteritic AION (NA-AION) and 0.36 per 100,000 people for arteritic AION (A-AION). 5 Central retinal artery occlusion (CRAO), which causes retinal infarction, is slightly rarer, estimated to be 1 in 100,000 people and roughly 1 in 10,000 outpatient visits, but it may result in severe vision loss in up to 80% of patients. 6 The presentation of ocular vascular occlusion (OVO), including RAO, RVO or AION, is widely variable and may range from an incidental finding in asymptomatic patients to partial visual field loss, diminished or absent central vision, or diminished or complete loss of vision resulting from either one or a combination of the following: optic nerve infarction, retinal infarction, macular edema, macular ischemia, and/or neovascular glaucoma. 7, 8 Because OVO has the potential for such devastating complications, including permanent vision loss, it is important to identify the etiology of the patient's OVO to implement the appropriate treatment and to provide available prophylactic measures to prevent subsequent contralateral ocular and/or systemic thrombotic events.
Recognized risk factors for OVO are categorized as systemic or local. Systemic factors include hyperviscosity, myeloproliferative disorders, retro-orbital mass effect, and vasculitis such as Behcet's disease. 7, 9 A common local finding predisposing to OVO is open-angle glaucoma. Glaucoma decreases venous outflow through increased intraocular pressure, thus creating vascular stasis and increased risk of occlusion, in accordance with Virchow's triad. [10] [11] [12] [13] When commonly recognized etiologies are ruled out, other risk factors for OVO must be assessed, including cardiovascular [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and hypercoagulable state 9, 24, 25 risk factors. The most recognized, but neither sensitive nor specific, cardiovascular risk factors for OVO include age, history of smoking, hypertension, hyperlipidemia, diabetes mellitus, and atherosclerosis. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] More recently, however, there has been increased focus on the pathoetiologic role of thrombophilia in OVO. In the absence of a cardioembolic etiology for OVO, thrombophilia is a common, major cause of ocular thrombotic events. 9, 24 In particular, thrombophilia should be carefully assessed in younger patients, 65 years old, or in patients with a personal or family history of thrombosis. 25 Thrombophilia can be heritable -such as in hyperhomocysteinemia, factor V Leiden (FVL) mutation, prothrombin (PTG) G20210A mutation, antithrombin III deficiency, protein C deficiency, or protein S deficiency -or acquired, particularly the lupus anticoagulant found in antiphospholipid syndrome. Of the thrombophilias that are risk factors for OVO, 7, 16, 20, 21, 24, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] hyperhomocysteinemia is the most likely to cause OVO 7, 20, 24, [32] [33] [34] [35] [36] [37] and is a recognized risk factor for systemic vascular thrombosis, including ischemic heart disease and deep venous thrombosis (DVT). 38, 39 In addition to hyperhomocysteinemia, FVL and PTG heterozygosity result in a systemic hypercoagulable state and are major risk factors for large-vein thrombosis, and thus their role in OVO deserves careful attention. 32, [40] [41] [42] [43] The FVL mutation involves a G-A substitution at nucleotide 1691 on the factor V gene, resulting in a procoagulant state caused by factor V's resistance to inactivation by protein C. 28, 44 This is one of the commonest familial thrombophilias, with ~5% of Caucasian populations being heterozygous for the mutation. 45 Multiple studies, including case-control studies and a meta-analysis, 21, 24, [26] [27] [28] have shown a significant increase in the prevalence of FVL in patients with OVO.
The PTG mutation is a G-A transition at nucleotide 20210 of the factor II gene and is associated with increased plasma prothrombin, resulting in a procoagulant state. 42 Similar to FVL, the PTG mutation has a high-level carrier prevalence of 1%-4% and is more common among people of Caucasian descent. 46 In addition, the PTG mutation, similar to the FVL mutation, is associated with venous thromboembolism (VTE), 40, 47, 48 and recent literature has illustrated its significant role in mediating OVO. 28, 49 Thrombophilia and its role in OVO have received more attention in recent years, particularly in younger patients and in patients without an obvious cardiac, carotid, or embolic etiology. Particularly in Caucasian populations, the FVL and PTG mutations are some of the most frequent thrombophilic contributors to the development of VTE. 40, 47, 50, 51 Although the ophthalmologic literature has primarily focused on the pathophysiologic role that these thrombophilias play in ocular vascular thrombosis, 8, 16, 18, 21, 22, 25, 30, 36 it has not focused on the likelihood that the ocular thrombotic event is the patient's first thrombotic event when associated with FVL and/or PTG, directing attention to familial thrombophilias in the kindred and prevention of subsequent thrombi in the proband and family. In the current study, our specific aim was to identify OVOs as first thrombotic events facilitated by FVL and/or PTG heterozygosity and to review the role that these heritable thrombophilias play in subsequent treatment, prophylaxis, and ramifications for patient and kindred.
Methods
The study was approved by the Jewish Hospital Institutional Review Board (ID 12-03). Informed consent was obtained from patients after the nature of the study was fully explained. Patients with NA-AION exhibited segmental edema of the optic nerve head in eyes with little or no preexisting optic nerve cupping. Eyes with RVOs showed dilation of retinal veins (all veins if a CRVO was present and less than all veins if a BRVO was found) associated with intraretinal hemorrhages, retinal edema, and cotton wool spots limited in area by the drainage bed of the affected veins. Eyes with RAOs demonstrated retinal arterial narrowing, segmentation of the arterial blood column in some cases, and whitening of the retina due to opacification and thickening of the inner retina. In the case of a CRAO, a cherry red spot was seen in the macula. The fundus features of acute OVOs are stereotypical to the degree that confirmatory testing may not be necessary. Fluorescein angiography and optical coherence tomography were performed to corroborate the diagnosis depending on the preference of the referring ophthalmologist. In the cases of AION, measurements of erythrocyte sedimentation rates and C-reactive protein levels helped in the elimination of giant cell arteritis as the cause.
All 92 patients referred with ocular arterial disease (NA-AION, RAO, and AF) underwent carotid ultrasound and cardiac echocardiogram studies, and 18 were not entered into our analysis cohort because of documented arterial emboli. Excepting these 18 excluded arterial cases, the analysis cohort was prospectively evaluated in the sequence of their referral and included 265 cases (163 women and 102 men), 191 with ocular venous occlusion and 74 with ocular arterial occlusion.
The analysis cohort was divided into patients with venous (low-pressure, low-velocity) occlusion, including BRVO and CRVO, and those with arterial (high-pressure and highvelocity) occlusion, including NA-AION, RAO, and AF.
At the patients' initial visit at our center, a detailed history was taken and physical examination was conducted. In particular, presence of hypertension, diabetes mellitus, and hyperlipidemia; reproductive history and pregnancy outcomes; and previous episodes of VTE, DVT, and/or pulmonary embolism (PE) were noted. In addition, the patients' use of tobacco or hormonal therapy, as well as family history of thrombosis, was obtained. Lastly, the patients' visual status was assessed at the time of the ocular event and at each subsequent visit with the retinal specialist.
At the initial visit, atherosclerotic risk factors were measured, serologic coagulation assays were done, and polymerase chain reaction (PCR) analyses for thrombophilia and hypofibrinolysis were performed. Atherosclerotic risk factors measured included age, body mass index, smoking history, blood pressure, hemoglobin A1c, glucose, homocysteine, and levels of triglycerides and cholesterol, including HDL and LDL cholesterol. 24 PCR measures 52 were used to measure G1691A factor V Leiden, G20210A prothrombin, methylenetetrahydrofolate reductase (MTHFR) C677T and A1298C mutations, and the plasminogen activator inhibitor-1 4G/4G mutation. In addition, serologic measures of thrombophilia 53 were used, including measurement of anticardiolipin antibodies immunoglobulin G (IgG) and IgM (ACLA IgM), antigenic protein C, total and free protein S, antithrombin III, lupus anticoagulant, factors VIII and XI, and homocysteine. All PCR and serologic measures were done as previously described. 24 Healthy normal controls (n=110) were hospital employees, documented by interview and physical examination to be free of acute and chronic disease, including any history or evidence of OVO.
statistical methods
All statistical analyses were performed using SAS V9.4 (SAS institute Inc, Cary, NC, USA).
Cases were compared to controls by Fisher's exact test. Sample size was estimated based on observed data of this report. To detect the difference of 50% having at least one of the seven thrombophilias in cases versus 20% in controls, there should be at least 39 subjects in each group for significance level 0.05 with power 80%.
Results
Central and branch retinal vein occlusion
Of the 191 RVO cases, 172 (90%) had CRVO and 19 (10%) BRVO; there were 116 (61%) women and 75 (39%) men (mean age ± standard deviation [SD]: 57±15 years; median age: 57 years).
As displayed in Figure 1 , the 191 RVO cases differed from controls in terms of low free protein S (9% vs 2%, respectively; P=0.04), high homocysteine (23% vs 5%, respectively; P0.0001), high factor VIII (18% vs 7%, respectively; P=0.01), and ACLA IgM (10% vs 2%, respectively; P=0.007). Assessing the number of abnormalities in the seven thrombophilias (FVL, PTG, free protein S, homocysteine, factor VIII, factor XI, and ACLA IgM), 50% of the 191 RVO cases had 1 thrombophilic abnormality vs 19% of normal controls (P0.0001, Figure 1) . The difference between patients with RVO vs controls in comparing 1 abnormality of FVL and PTG mutations was not statistically significant ( Figure 1) .
retinal artery occlusion
The 74 cases with RAO included 23 with CRAO, 32 AF, and 19 NA-AION, including 47 (64%) women and 27 (36%) men, with mean age ± SD of 54±16 (median: 55 years). As displayed in Figure 2 , the 74 RAO cases differed from controls for 1 abnormality of FVL and PTG mutations (15% vs 5%, respectively; P=0.03). They also differed in having high levels of homocysteine (18% vs 5%, respectively; P=0.005) and factor VIII (21% vs 7%, respectively; P=0.009), as well as being marginally different in the low levels of free protein S (9% vs 2%, respectively; P=0.07). Assessing the number of abnormalities in the seven thrombophilias (FVL, PTG, free protein S, homocysteine, factor VIII, factor XI, and ACLA IgM), 49% of the 74 RAO cases had 1 thrombophilic abnormality vs 19% of normal controls (P0.0001).
Taken together, of the 265 patients with OVO (191 venous, 74 arterial), 29 (11%) had mutations of FVL, PTG, or both vs 5 (4.5%) of the 110 healthy normal controls (P=0.07). 
FVL or PTG mutations
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Factor V Leiden and prothrombin gene in ocular vascular occlusion (34%), and before age 40 years in 5 cases (17%). The median age at the time of OVO in these 29 cases was 56 years. Of the 16 cases with FVL heterozygosity, nine (56%) were female and seven (44%) were male (mean age ± SD: 51±13 years; median: 52 years). Fifteen (94%) of the 16 cases with FVL had OVO as their first thrombotic event, defined by no previous DVT or PE, while 1 (6%) had a previous initial thrombotic event (DVT) ( Table 1) . Of the 16 FVL heterozygotes, 6 (38%) experienced other thrombotic events, defined as events likely resulting from a hypercoagulable state other than DVT or PE, including recurrent miscarriages, osteonecrosis, ischemic stroke, and/or ischemic colitis (Table 1) . Five (31%) of the 16 FVL heterozygotes had an immediate family member with a history of thrombosis, including DVT and/or PE.
At last follow-up visit, 2 (13%) of the 16 cases with FVL had no remaining vision in the affected eye, 6 (38%) had residual vision loss, 5 (31%) returned to baseline vision, and 3 (19%) were lost to follow-up (Table 1) .
Of the 12 heterozygous PTG cases, 7 (58%) were female and 5 (42%) were male (mean age ± SD: 59±20 years; median: 61 years). Nine (75%) of the 12 cases had OVO as an initial thrombotic event, while 3 (25%) had a known previous thrombotic event (2 DVT, 1 DVT-PE) ( Table 1) . Five (42%) of the 12 cases experienced other thrombotic events, and 6 (50%) had an immediate family member with a history of thrombosis. At their last follow-up visit, four (33%) of the 12 cases heterozygous for PTG had no remaining vision in the affected eye, 6 (50%) had residual vision loss, 1 (8%) returned to baseline vision, and 1 (9%) was lost to follow-up (Table 1) . One of the 12 PTG heterozygotes (#10) had an additional ocular event (CRVO) in the second eye and returned to baseline vision in that eye at her last follow-up (Table 1) .
One case was heterozygous for both FVL and PTG mutations. She had BRVO with previous DVT and recurrent miscarriages. She had residual vision loss at last follow-up (Table 1) .
Of the 29 cases with OVO found to have FVL and/or PTG mutations, 24 (83%) had OVO as a first thrombotic event without prior DVT and/or PE, and 12 (41%) had other thrombotic events including miscarriage, osteonecrosis, ischemic stroke, and/or ischemic colitis. Of these 12 cases with prior thrombotic complications, 10 (83%) were female, 7 (70%) of whom had had previous miscarriages.
Seventeen (59%) of 29 OVO cases with FVL and/or PTG mutation were females (Table 1) . Of these 17 cases, 7 (41%) had experienced at least one miscarriage for previously unknown reasons, 6 (35%) were on estrogen hormone therapy at the time of the ocular event, and 1 (6%) was on clomiphene. One male patient with PTG heterozygosity (#3, Table 1 ) developed RVO 3 months after starting testosterone therapy.
Discussion
The ophthalmologist plays a critical role in the disposition and prognosis of patients who present with OVO, particularly when the OVO is the patient's first thrombotic event.
The most frequent pathoetiology for RAO and AF is largely embolic, 54, 55 which is frequently detectable in branch retinal artery occlusions but often cannot be detected via fundoscopy in ciliary artery occlusions, CRAOs, or AION. The 74 cases with RAO in the current study all had normal carotid and vertebral imaging and normal echocardiography, ruling out overt causes of thromboemboli. There is no easy way to rule out microscopic emboli as a cause of RAO, even when there is no detectable carotid or cardiac abnormality.
While cardioembolic investigation is warranted, there are numerous other contributing etiologies for OVO that must be considered. All patients should have a thorough assessment for cardiovascular and atherosclerotic risk factors, including screening for age, smoking history, hypertension, hyperlipidemia, and diabetes mellitus, all of which have been shown to have a significant, albeit nonspecific and nonsensitive, association with the development of OVO. 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [54] [55] [56] Several reports, 24, 35, 57 congruent with our current findings, have demonstrated the significant role of thrombophilia in the development of OVO and emphasize the importance of evaluating for thrombophilia in patients who present with OVO. In the current study, 49% of cases with arterial OVO and 50% with venous OVO had one or more of the seven major thrombophilias vs 19% of 110 healthy normal controls (P0.0001). In cases of both venous and arterial occlusion, high levels of homocysteine and factor VIII were much more common than in healthy normal controls. Of the multiple thrombophilias, hyperhomocysteinemia has received the most attention as a risk factor for OVO, 53 and the relationship between elevated levels of homocysteine and both large-vein thrombosis and OVO is well recognized. 5, 20, 24, [32] [33] [34] [36] [37] [38] [39] In addition to hyperhomocysteinemia, genetic mutations of FVL and PTG are major risk factors for large-vein thrombosis. 32, [40] [41] [42] [43] Recent studies have found a high prevalence of FVL 21, 24, [26] [27] [28] and PTG mutations 58, 59 in patients with OVO versus controls; however, some have not found the same. 16, 29, [30] [31] [32] An ophthalmologist is in a unique position to diagnose familial and acquired thrombophilias in patients who present 17 and the risk of visual impairment with OVO is evident in the current study, in which 6 (21%) of 29 cases with FVL and/or PTG heterozygosity had no remaining vision in the affected eye, and 13 (45%) had residual vision loss.
In addition, thrombophilia often causes potentially preventable VTE, DVT, PE, 60 ischemic cerebral vascular accidents, 61 osteonecrosis, 62 and pregnancy loss. 63 In our study, 12 (41%) of 29 OVO cases with an underlying FVL and/or PTG mutation had some form of VTE other than DVT and/or PE, such as miscarriage, osteonecrosis, ischemic stroke, and/or ischemic colitis. The risk of systemic thrombosis and OVO is particularly high if the patient is exposed to additional known prothrombotic risk factors, including estrogen or testosterone hormone therapy, pregnancy, surgery, immobilization, or smoking. 27, 40 Of particular note, 7 (41%) of 17 female patients with FVL and/or PTG heterozygosity presenting with OVO shared a history of at least one unexplained miscarriage. Patients with increased exposure to estrogens, including hormone therapy or pregnancy, in combination with thrombophilia, are at a much higher risk of thrombosis. Six (35%) of 17 females in this study who developed OVO were on estrogen therapy, and 1 (6%) was on clomiphene. Case reports have suggested that clomiphene may predispose individuals to RVO, especially patients with underlying risk factors such as thrombophilia. 64 Other studies have shown the miscarriage rate in patients with RVO to be 24%-28%, significantly greater compared to the national figure of 15.7%. 24, 53, 65 These findings illustrate the importance of discovering a thrombophilic state for the patient and family to avoid unnecessary risk exposure, such as hormone therapy, and to allow for close monitoring during high-risk periods, including pregnancy.
Most thrombophilic mutations, including FVL and PTG mutations, are autosomal dominant and highly penetrant. Diagnosing an underlying thrombophilia has important implications, not only for the patient, but for the patient's family as well. Of the 29 OVO cases in this study with the FVL and/or PTG mutation, 11 (38%) had immediate family members with a history of DVT and/or PE. OVOs serve as a gateway for physicians to discover an undiagnosed heritable thrombophilia, with significant implications for the patient and his or her family including the need for treatment, familial screening, and education regarding the avoidance of additional thrombotic risk factors.
In patients who are young, have an unexpected OVO, and/or have a personal or family history of thrombosis, the physician may discover a hypercoagulable state if appropriately evaluated. 20 One study found that up to 84% patients with OVO in which noncoagulation etiologies were ruled out were found to have thrombophilia. 9 This finding is of major importance for the patient and the patient's family to ensure that appropriate medical and lifestyle measures are taken to minimize morbidity and mortality.
While elevated homocysteine 53 and antiphospholipid syndrome 66 have received the most attention regarding thrombophilias associated with OVO, our study demonstrates the importance of testing for the common and highly prothrombotic familial thrombophilias, FVL and PTG mutations, and illustrates how FVL and PTG heterozygosity may present with OVO as a first thrombotic event. It is important for the ophthalmologist to diagnose underlying coagulation disorders as both an etiology for OVO and as a window to family screening and preventive therapy for the family and the proband.
